¥ 1 TS 1574 PROCESS TO MAKE A SULPHUR CONTAI NI NG STEAM CRACKER FEEDSTOCK Fiel d
of the invention The invention is directed to a process to nake a sul phur
cont ai ni ng steam cracker feedstock fromnatural gas by conbining a
paraffinic feedstock as obtained in a 5-Flscher-Tropsch process and a

sul phur contai ning feedstock from another source. Background of the
invention It is well known to the skilled person in the technicak fkehd of
st eam cracker processes to add sul phur 10 to the feed in order toTeduce
coke formation. The coke formation in steam cracker furnace tubes is

principally for t hr ou chani , rolysis reactions and

catal yti c dehydr gg%ﬁgﬁs%n%t&e%% S%ﬁi'{% LI ING fIEA SRAEER ni mi zed
by using |ow operating pressure, 7.5 hp¥yippgrhe@h steamto-hydrocarbon

rati os, on the order of 30%to 60% and avol ding excessive tube netal.
tenperatures and the possibility of allow ng unvaporized feed into the high
tenperature zones, . In_order to wthstand high tube netal tenperatures, up
to 2100 F, 20 O e ni ckel and chrom um are used, for

i nstance 35% ni ckeppangh 5% £k o@. g Thestedet &l s Sﬁ@é@éygeto%mgrggenati on
reactions and therefore need to be passivated. Sulfiding 1s-the typical
solution for gagsiwvatcomtalning steammorapkact feedsoockt Eaomcnackeal 25

operators to inject coke jnhibitors ripght after the decoking, operation.
That is when t‘]‘hgeS tCkE%eCR}@PJrn%?a‘T‘ p%’é@%&/&’r%g%%l%ﬂ/‘?%e%s apRt P@‘ﬁ‘zs%ﬂ Before

the hydrocarbof scher-Tropsch process and a sulphur containing

feedstock from another source.

Background of the invention

It is well known to the skilled person in the
technical field of steam cracker processes to add sulphur

10 to the feed in order to reduce coke formation. The coke
formation in steam cracker furnace tubes is principally
formed through two mechanisms, pyrolysis reactions and
catalytic dehydrogenation reactions. The pyrolysis
reactions are minimized by using low operating pressure,

15 having high steam-to-hydrocarbon ratios, on the order of
30% to 60%, and avoiding excessive tube metal
temperatures and the possibility of allowing unvaporized
feed into the high temperature zones. In order to
withstand high tube metal temperatures, up to 2100 °F,

20 alloys containing high nickel and chromium are used, for
instance 35% nickel and 25% chrome. These metals catalyze
dehydrogenation reactions and therefore need to be
passivated. Sulfiding is the typical solution for
passivation. It is a common practice for steam cracker

25 operators to inject coke inhibitors right after the
decoking operation. That is when the tube wall metal

catalyzing activities are highest. Before the hydrocarbon



+ - 2 feedstock is fed into the furnace, DM5 or DMDS is injected into the
coil with steamto forma sulfide film For a typical |iquid feedstock, the
sul fur content in the feedstock usually is sufficient to naintain the
“sulfide 5 level during the actual steam €racking process. Sul phur may be
added to the feed if there is not already enough sulfur in the feed. In

this case. perfapsselepPi!fed0fhpomil subiste] sodddod bosipim ze the coke
n? Kk ﬁ nap%lg

and CO production. is also nown to use t a paraffin
product as obtmjmdteah mtt-‘a: stheredi bpstth psoe®s st asf siwain sl ACHEr film.

f eedst ock. For_exanpl e "The rke s for Shell Mddle Distillate Synthesis
Product s" Prég%5t%1?¥ﬁﬁ?ﬁ getd jfeedstogk, SHae | suhier naerbert tAsthed. |

15 Alternati ver ENesay, ﬁﬁ?]ué@fﬁo eéu f%% Y %Jé%agﬁQéleo?lﬁg??geS it is

menti oned that SMDS nap i sc psch rirved naph raction
of theSShel | NMEVelwdmeng tilse usethab smeﬁmnmxamkfmgfpﬁdséﬁﬁk selpeEr
exanpl e Si ngapore. ause a Fischer-Tropsch derived product contains
al most no det ¥t%% ?‘E‘f/%‘? t%f Ry prrd  ISUHRRRR 4 I POhavkready benaddd to

this feedstock; before ity S This may
be done by aﬁ ng a sulp ur a dltlvea? ?(eég n‘et‘;‘%@f%‘%ﬁgsuﬁd@% ( S) or by
25 bl endi ng t Hed Fipgmines £ Tsmipﬂn::h ieeddaed hta ﬂfdngmjswfwe Ccok@nigedt nmateri al

as described in nore detail in “Prelimnary Survey on GIL Busi ness Based on
SMDS t echnol &¢Y PERAH¥ DA, Japan External Trade Organization (JETRO),

sectigg 6.2.3. 30 Adding sy RN o Gl 5SS Thepseliferd ved - {ged,in a

product as obtained in a Fischer-Tropsch process as steam
cracker feedstock. For example “The Markets for Shell
Middle Distillate Synthesis Products”, Presentation of
Peter J.A. Tijm, Shell International Gas Ltd.,

15 Alternative Energy ‘95, Vancouver, Canada, May 2-4, 1995
on page 5 it is mentioned that SMDS naphtha, the Fischer-
Tropsch derived naphtha fraction of the Shell MDS
process, is used as steam cracker feedstock in for
example Singapcre.

20 Because a Fischer-Tropsch derived product contains
almost no detectable levels of sulphur, sulphur will have
to be added to this feedstock before it can be used as
steam cracker feedstock. This may be done by adding a
sulphur additive like dimethyl disulfide (DMDS) or by

25 blending the Fischer-Tropsch feed with a high sulfuric
content material as described in more detail in
‘Preliminary Survey on GTL Business Based on SMDS
technology, June 2001, Japan External Trade Organization
(JETRO), secticn 6.2.3.

30 Adding sulphur to a Fischer-Tropsch derived feed in a
steam cracker process is also described in a more recent

patent publication US-A-2003/0135077. This publication



* steam cracker process is also described in a nore recent patent publication
US- A- 2003/ 0135077. This publication - 3 describes the production of a | ow

¢ sul phur Fischer-Tropsch derived naphtha at a renote |ocation, transporting
this product to a steamcracker |ocation and addi ng a sul phur conpound to
t he napht ha before using said naphtha as 5 steam cracker feed. WO A-9937736
di scl oses a pr@eessi r ef rEH8LEi og08€EQS r o]
natural gas is hydr%??eg%gdéto regugg ?ﬁegsﬁ%ﬁhﬁflﬁgggl?igggéﬁd?%8ﬁ$%h this
publication sullghivederaghtibabet renpemdténlocaeionp ifansportiag theks or
for blending with othe&aQXdrocarbons and. as raM/natgrials for chem cal

e

processes. A &Fgﬁaﬁaﬁt of FEHR ﬁ?%ﬁ%@giﬁﬁﬁﬁFﬂ?ﬂga?. 2 Y 9337V BBNUE t he
fact that addidiRpahndyds OPROCESShARa HOELSe 3081 A§ILE L §0nadRe HITORrY of the
invention The object of the present invention is to make a sul phur
cont ai Bi ng st extream ackackérefisedck fromnatural gas. This object is

achi eved by the f ow ess. . 20 Process to make a sul phur_contai ning
st eam cr acker feeﬁ&ﬁ%ﬂkgﬁ—gﬁér‘ghﬁc%%f%ﬁ at Readceys p‘é‘??%‘?hﬁln@ theldf ol | owi ng
steps: (a) sepasaddigate Salk PO £2ALAI PLOY fém&ﬁffid agopdensate fraction
fromthe natural gas, 25 (b) further separating a su ph%r cont ai ni ng

fracti on conprydromréytiedcae boadcospoadsulphvingl Svel . nbeeocdi hgntoat ons

fromthe natural, gas to, obtain a plant condensate, C reparing a mxture
of carbon nondxi QHRﬁ#ﬁQﬁ%@%nsu phur needs to be rémgvgd En orger to
10 use it as fuels or for blending with other hydrocarbons

and as raw materials for chemical processes.

A disadvantage of the process according to .
WO-A-9937736 is the fact that additional hydroprocessing
units are required.

15 Summary of the invention

The object of the present invention is to make a
sulphur containing steam cracker feedstock from natural
gas. |

This object is achieved by the following process.

20 Process to make a sulphur containing steam cracker
feedstock from crude natural gas by performing the
following steps:

(a) separating a sulphur containing liquid field
condensate fraction from the natural gas,

25 (b) further separating a sulphur containing fraction
comprising hydrocarbon compounds having 3 or more carbon
atoms from the natural gas to obtain a plant condensate,
{(c} preparing a mixture of carbon monoxide and hydrogen
from the gas obtained in step (b),

30 (d) preparing a paraffin product by performing a Fischer-

Tropsch reaction using the carbon monoxide and hydrogen

from step (c), and




“fromthe gas obtained in step (b), 30 (d) preparing a paraffin product by
performng a Fischer- Tropsch reaction using the carbon nonoxi de and

¢« hydrogen fromstep (c), and 4 (e) conbining the paraffin product or part
of said product with the sul phur containifg fraction conprising
hydr ocar bon conpounds having 3 or nore carbon atons obtained in step (b) to
obtai n the sul@hurca®itaidy e e iof gekaiudeedstaok hawidgi @ sul phur.
Applicants have found that with the process according to the invention part

of the C3+ compauhds: asitdbttdis el Buparenrdd frige theagiakan atomgasl s be
advant ageousl y_ b conbi ne ith th raffin product as obtained in the 10
el A edhdd SRR R et 2% ont i but e

Fi scher - Tropsc 0CEessS. ican oun

to the vol ume gt Streain i askss (4 eadstasia BIGHO diSpraut piukt LM et

thereby making it an excellent steam cracker feed neeting specifications
for dibect usesterm sriackely dinedplousk Jeralse 4 tswlausr 15 t ankage facilities

at the production. sit.e of .the Fischer-. Tropsch _.prqcess and one product can
be shipped 10 t he PRIVEICEES 411 %nt: T4 datf o tiib SEpar R ST GHtEd1ng

Det ai | ed descrigtdrn Hvdhiel divsnid o Strep d3) dBpdederd Srameh age@rding to
wel | known 20 processes. Typically the natural gas is won from subterrain
wel |'s. The gasEmarafait dowmdie glatiural amrdson ke arivanteaagpishy |ye

separ at ed froq&%ﬂf Co+ .q¥grqgarbqﬂg fter_ the gas rgﬁghes he %§$faces, for
exanpl e in so-¢ J&F%I‘UQ At Ehers f‘l%éllgf Lbc';grebdeP F0'Y5 Yhtdihed is
al so nef erred i @fediBlshbLOngonsad £ anbpycattay ety tHah s phur 1 evel s,
for exanpl e above 1500 ppm
stream may contribute to the volume of steam cracker
feedstock and to its sulphur content, thereby making it
an excellent steam cracker feed meeting specifications
for direct use. This is advantageous because it saves
15 tankage facilities at the production site of the Fischer-
Tropsch process and one product can be shipped to the

overseas client instead of two separate products.

Detailed description of the invention

Step (a) may be performed according to well known
20 processes. Typically the natural gas is won from
subterrain wells. The gaseous hydrocarbons of 1 to

5> carbon atoms are typically separated from the Cg+

hydrocarbons after the gas reaches the surfaces, for
example in so-called slug catchers. The ligquid product so
25 obtained is also referred to as field condensate and may
have very high sulphur levels, for example above 1500 ppm
and even above 1900 ppm. The typical lower level is
1000 ppm sulphur. The natural gas wherein field
condensate 1s separated will be referred to as pre-
30 cleaned natural gas.
This liquid condensate as obtained in step (a) may

have a very high final boiling point, even above 300 °C,



- and even above 1900 ppm The typical |ower level is 1000 ppm sul phur. The

natural gas wherein field condensate is separated will be referred to as
pre- 30 cleaned natural gas. This liquid condensate as obtained in step (a)

"may have a very high final boiling point,5even above 300 C, 5 while at the

same time the mgjority of the products boils below 300 C. By preferably

separating of fuihee héﬁhthé)oééﬂuggﬁlﬁécﬂ%é’%a.é’rif’r 85@{%39@0% pgiuggﬁgep or

a distillation step, a | ower Ing fraction containin

conpounds and bekdw N0 @ hEC baBY | pige £ angle] v r sepia r &0emg Sof Ortiusageghs st eam
cracker feedstock. K Thi fraction does not need further desul phurisation
treatments in RAHENY oL FREUERXRY i 1Y af OF eP ERRREE eRbbHE SiohRY BESPher pResent

| vent i on as agthLi ongks bl s LOIPOBPTEGIOAD PLEO-LE) LonpLepaLe o Steam

cracker feedstock. era this Ing fractron as i so from
the fbeld comlelaie daspeuidnadndanéengnpoind lobi betigveesand20 and 230 C
and nore preferably between_140 and 215 C. The initial boiling point

corresponds wiXFHYHeERS 4SS FQHIBR2TDORE SERIT prRSERH f%ﬁ@%%o¢€quTHl$ield

condensate.  The:Jdrial, baiL4 gy POk oFyLge L 4L BOILA 8y o dx gk on my vary

dependi ng on the ur content 1nt I el d condensat e, e bl endi ng
rati o of the frmedtinosrsts abt abidelr | to Shepsséd) imnal fog f@nted hembodiment
Fi scher-Tropsch_ 20 product in step (e) and the desired sul phur |evel of the

resul tant m xt¥r ENAPTHTFHal L B 6t Por? frefdbet tRRt i HRRALRG| FemRPaEhbr y
SKontd Tor o B0t 45 £ e, Wi ehech Sriefd e suatug commounds anc
: Preferably this low boiling fraction as isolated from the
field condensate has a final boiling point of between 120

and 230 °C, and more preferably between 140 and 215 °C.

The initial boiling point corresponds with the Cg

15 hydrocarbons still present in the liquid field
condensate. The final boiling point of the low boiling
fraction may vary depending on the sulphur content in the
field condensate, the blending ratio of the fractions
obtained in steps (b} and (a) and the Fischer-Tropsch

20 product in step (e) and the desired sulphur level of the
resultant mixture. An optimal operation may be determined
using ordinary skills. The higher boiling fraction which
is rich in sulphur compounds and organic acids, may be
further processed in so-called local condensate

25 refineries. The low boiling fraction preferably contains
between 200 and 6000 ppm sulphur.

Prior to performing step (b) the majority of the
sulphuf is separated from the pre-~cleaned natural gas as
obtained in step (a} by various possible techniques.

30 Preferably sulphur is removed from the natural gas by so-
called absorbent type processes. These well known

processes include a step wherein the natural gas is



- 25 refineries. The low boiling fraction preferably contains between 200 and

6000 ppm sul phur. Prior to performng step (b) the majority of the sul phur
is separated fromthe pre-cleaned natural gas as obtained in step (a) by

“various possible techniques. 30 Preferabtybsul phur is renoved fromthe

natural gas by so- called absorbent type processes. These well known
processes incl @Rni’\ﬂ‘?@'ﬁéybfd r}ﬁﬂ‘t{@%e GABL LS corfra LRNtACE s%éi‘ a

liquid m xture contalins a physical and a chem cal absorb I'n such
a process the aga$ a mlxém:rceal salb s @b et atlmmmtarqsmmass; thpe ega:mre in two
st eps consecutlveIL}/ W th two di ferent | xtures S5 which contain a

physi cal absofbeHtUGhd S CHedredlat asb%‘?lﬁ% P LG PESRI TR L1 2b5Y? bent s

are tertiary sat{aﬁg?scorp@ééa@w@wywiaﬁtﬁ%ydﬁﬂmmfﬁnw%ﬂ@uaés | east
one hydroxyal k group. Triethanol am ne, diethyl ethanol am ne (DEVEA),

and nethyl di ettizriol camiain (/DY s 1de hrabyveryesui arabl 2. cligmical physi cal

absor bent s are prQ Iene car bo ate N- e rrolldone di net hyl
f or mam de, di st ﬁ%ﬁ herl ¥l %ﬁi}%#@@ are tertla ¥

tetraet hyl ene | nge]_styi; ane; @ég VI dh Skt 2BL €ar Exanpl es
of such proceg%sﬁég&%ge escr&%ed I 15 det%{ |ln US- A- 4372925 and ?n

t ext books suchlessstGasne Puydfoxyd 1lonl @rdmpd Tmemanmrnmm Rithbhndl

Ni el sen, 1997, Qulf_ Pub]ishi npan 5-2 .
step (b) hydr GitRt RGN P A R
separ ghed fromthe,nay Ué@:’.té@fepri'fﬁléé’l @%‘é’f&él Nghd o &Rss t oreynt hesi s

gas. Preferably separation is perforned cooling the gas to a
propylene carbonate N-methyl pyrrolldone, dimethyl

formamide, dimethyl ether of polyethylene glycol,
tetraethyleneglycoldimethylether and sulfolane are very
suitable. Examples of such processes are described in

15 detail in US-A-4372925 and in textbooks such as Gas
Purification, 5th ed./Arthur Kochl and Richard Nielsen,
1997, Gulf Publishing Company, ISBN 0-88415-220-0
Chapter 1.

In step (b) hydrocarbon compounds having 3 or more

20 carbon atoms are separated from the natural gas prior to
converting the gas to synthesis gas. Preferably
separation is performed by cooling the gas to a
temperature and pressure conditions at which these
hydrocarbons liquefy. The liquid products may then the

25 easily separated from the gas. Cooling may preferably be
performed by indirect heat exchange against liquid
nitrogen. Liquid nitrogen may preferably be the excess
nitrogen as obtained when separating air to obtain
purified oxygen for use in step (c). A more preferred

30 method is by lowering the pressure, separating the

condensed C3+ hydrocarbons, and cptionally increasing the

pressure level before making use of the gas to prepare




* tenperature and pressure conditions at which these hydrocarbons |iquefy.

The liquid products nay then the 25 easily separated fromthe gas. Cooling

. may preferably be perforned by indirect heat exchange against liquid

nitrogen. Liquid nitrogen may preferabl y-bé the excess nitrogen as obtai ned
when separating air to obtain purified oxygen for use in step (c). A nore

preferred 30 nBiarkd s hyad OWeFd NOrAEy PYIBSSYU €. i SENM AL NTrthE 5 condensed
C3+ hydrocarbons, and optionally increasing the pressure |evel before
maki ng use of RURSJHEE texgrePne 50 bagynihesiprepsurerietrabt§ baesgas is

| owered from a es e .exceedi 50 b to a pressure bel ow 40, bar s,
preferably belporvso%or%;ﬂr’. .bpﬁ%fc?“é(rjéds]g%%?%t ia;g)ﬁt%lf ﬁ\éa"f‘-i‘ﬁh?rb hydtoc Jr%lﬂ)hé, t he
pressure of thgydascd Sodie) easebidsduke | eFethahoye BY bakseapsefesapl y

bet ween 50 and 80 bars. The C3 and C4 hydrocarbons thus obtai ned nay be

bl ended wit h kgl FEProduittbams i Jorefemkbivivetieesn odlicand p¥@pazes. in step
d). Th t ' b d. f t he Fi -T h .10 i i
mde 1n step (OF (omthe oy Sater et e affta ) ik vre S E8FdaT T on'

d/ t ean! net ] T ' tio i h th
and/ or stea g}gg%ea}?@rﬁ&glct Q.8 é@fagé@dflﬁnﬁ%{;loéf%delpc e synthesis

gas, carbon dioxi /or steam may be Tniro 5 partial
oxi dation progesparide H2/{Kep atd)o. of the synthesis gas is suitably between

1.3 and 2.3, preferabl Iﬁgstmeen 1.6 and 2.1. If desired, (small) additional
amounts of hydr ogerfﬁ‘erré Gride B° AR mRhieT idtorsfdieprefera®y in

frg;bglmgg i on ij'srfeédaaﬂeorwaitsermag@é 20 shifd t(geagtdPnnd s 2ddidd onay fiydrogen
step (a) by partial oxidation and/or steam/methane
reforming.

To adjust the H»/CO ratio in the synthesis gas,

carbon dioxide and/or steam may be introduced into the

15 partial oxidation process. The Hp/CO ratio of the

synthesis gas is suitably between.1.3 and 2.3, preferably
between 1.6 and 2.1. If desired, (small) additional
amounts of hydrogen may be made by steam methane
reforming, preferably in combination with the water gas

20 shift reaction. The additional hydrogen may also be used
in other processes, e.g. hydrocracking.

In another embodiment the H/CO ratio of the

synthesis gas obtained in the catalytic oxidation step
may be decreased by removal of hydrogen from the

25 synthesis gas. This can be done by conventional
techniques as pressure swing adsorption or cryogenic
processes. A preferred option is a separation based on
membrane technology. Part of the hydrogen may be used in
the hydrocracking step of especially the heaviest

30 hydrocarbon fraction of the Fischer-Tropsch reaction.



* in other processes, e.g. hydrocracking. In another enbodi nent the H2/ CO
ratio of the synthesis gas obtained in the catalytic oxidation step my be

~decreased by renoval of hydrogen fromthe 25 synthesis gas. This can be done '
by conventional techniques as pressure -svi ng adsorption or cryogenic |
processes. A preferred option is a separation based on nenbrane technol ogy.

Part of the hydrogenr Byt dseddd odhs dydngeracking, sfep of especially
t he heavi est 30 hydrocarbon fraction of the Fischer-Tropsch reaction. 8 The

synt hesi s gas dsistc@iihmed! igbate weuasl dsorirpd diroves rasus 1he theessmgd G0
tenperature bet n 900, ,and 1400 C, is cooled to a t erature between 100
and’ 500 C. @A AP betmer Lo Ll USG C PTG M (P HATERD S8 and
400 C, prefergfy yundgl; d8 pigadfaneousy genefas ian frdaweini@. 9. in the
formof steam Further cooli'ng to tenperatures between 40 and 130 C,
preferably . béeweesBHhedotA) & dorefdrakal xomdatt i Ol s iealtaexahanger ,

especi ally a tubul ar_ heat exchanger. To remgve 10 any.inpurities fromthe
synt hesi s gas,geé‘egﬁ?gyld?rb&few UsEd. Es ecié'?’m/ (%/% $ e EgLf’i’t}?‘?%ces of
HON and/ or NH3:o SR8G} fi (Gl psthr sV X8y dbs el 0 THRE 81 FMOUNT Sp10d £ St phir
which may still be present in the gas used in step (c) may be renoved by an

absorption prdegseansily andn&hd/Gr is13onacirod deenvEnt imnad ¥ ikehtgaseous |
m xture, conprisin re- dom nantly hydrogen, .carbon noxi de and optionally |
i trogen, s GOMTRIIRT vitHPe G T & WAt Y dto T THE a1 y17 & ToRVer si on
stagejpi N Whi Gt hendirinaldy Addiditthe 2B PCATRANS Ardud M BEH may be

used. Especially to remove all traces of HCN and/or NHj

specific catalysts may be used. Trace amounts of sulphur

which may still be present in the gas used in step (c)

may be removed by an absorption process using iron and/or
15 zinc oxide.

The purified gaseous mixture, comprising pre-
dominantly hydrogen, carbon moncoxide and optionally
nitrogen, is contacted with a suitable catalyst in the
catalytic conversion stage, in which the normally liquid

20 hydrocarbons are formed.

The catalysts used for the catalytic conversion of
the mixture comprising hydrogen and carbon monoxide into
hydrocarbons in step (d) are known in the art and are
usually referred to as Fischer-Tropsch catalysts.

25 Catalysts for use in this process frequently comprise, as
the catalytically active component, a metal from
Group VIII of the Periodic Table of Elements. Particular
catalytically active metals include ruthenium, iron,
cobalt and nickel. Cobalt is a preferred catalytically

30 active metal in view of the heavy Fischer-Tropsch
hydrocarbon which can be made. As discussed before,

preferred hydrocarbonaceous feeds are natural gas or



)

" The catal ysts used for the catalytic conversion of the m xture conprising

hydr ogen and car bon nonoxi de into hydrocarbons in step (d) are known in the

. art and are wusually referred to as Fischer-Tropsch catal ysts. 25 Catal ysts

for use in this process frequently conprts®,-—as the catalytically active
conponent, a netal from Goup VIII of the Periodic Table of El enents.

Particular cat@lodinaldd YoAc! inge tVRad Srdded uddecd %M}@aﬁééms gobalt and

ni ckel. Cobalt is a preferred catalytically 30 active ne In view of the
heavy Fi scher -Skrdjfsodi s hyady doavioon NV @h cani dfes nefieab st o2 s carsisent: bes or e,
preferred hydrocarbonaceous feeds are natural gas or associ ated gas. As

t hese feedstocksvargualdad rigsigheriTropsalt nesiasl yels davilg WX COartd o' s of

about 2, cobalt i a ver 0od Fischer-Tropsch catalyst as the user ratio
for this type %qr iﬁ—hﬂaﬁ y@fée g%Paqastoa W2 %lsl%eaei%%tiglé/ti cally active netal
is preferably supp@std 0N ROIOHS G@Ivd Sfetalne PP U LAY} er my be

selected fromany of the suitable refractory netal oxides or silicates or
conbi nat i ons thaEftdchown 4 rpatruarcarr iRar ¢ ihe grorxesptast dr pnay doe ed

B i xtur s SHSSS Teapbal sl 197 Y G tahe e rriteTem el et unt -
of catalyticaldy aatictdeted @ caidd afhd Sed) ofda@bl i ithd hers ange of
from3 to 300 pbw per 100 pbw of carrier material, nore preferably from 10
15 to 80 pbw, Fespecidlay €xamplxe tof qorgirurdd mesived;attiecat@gbideny
o 50, 68D S¢S, ISP L8 e AL O oo et omter s, S 1A e
VIB of the Periigdivrekallifr@fof] el Sial0ly tdi€lica, alumina and titania.
The amount of catalytically active metal on the
carrier is preferably in the range of from 3 to 300 pbw
per 100 pbw of carrier material, more preferably from 10
15 to 80 pbw, especially from 20 to 60 pbw.
If desired, the catalyst may alsc comprise one or
more metals or metal oxides as promoters. Suitable metal
oxide promoters may be selected from Groups IIA, IIIB,
IVB, VB and VIEB of the Periodic Table of Elements, or the
20 a;tinides and lanthanides. In particular, oxides of
magnesium, calcium, strontium, barium, scandium, yttrium,
lanthanum, cerium, titanium, zirconium, hafnium, thorium,
uranium, vanadium, chromium and manganese are very
suitable promoters. Particularly preferred metal oxide
25 promoters for the catalyst used to prepare the waxes for
use in the present invention are manganese and zirconium
oxide. Suitable metal promoters may be selected from
Groups VIIB or VIII of the Pericdic Table. Rhenium and
Group VIII noble metals are particularly suitable, with
30 platinum and palladium being especially preferred. The

amount of promoter present in the catalyst is suitably in

the range of from 0.01 to 100 pbw, preferably 0.1 to 40,



<~ 20 actinides and | anthanides. In particular, oxides of nagnesium calcium

strontium barium scandium yttrium |anthanum cerium titanium
_zirconium hafnium thorium uranium vanadi um chrom um and nmanganese are
very suitable pronoters. Particularly preflérred netal oxide 25 pronoters
for the catalyst used to prepare the waxes for use in the present invention

are nmanganese b i FSOIFAEN y OXi€e. 2 SUKAD! 8 et @d D@ IDE &k Sy PRy bepgel ect ed
from Goups VIIB or VIII of the Periodic Table. Rheniumand G oup VIII

nobl e netal s arestparad et wad pxsundtabt £, ané t$e Boctpddt £ mem aamiagaih adi um bei ng

especially preferred. The anpunt of pronoter present in the catalyst is
Suitably in CHOGEIRRE of oM, (R TPHOE fi BIArERibiy 0.1 to 40, - 10

more preferably 14 20,{0bw+ 6411500, PEW Ofm&dlY i G tHe prddcPrefeFred

pronoters are sel ected from vanadi'um rnanganese, rhenium zirconium and
pl ati nm The =t ey Yoaoclepes netdl omanthe heaprioemwtreaterial Soprasent,

may be deposited on the carrier material by an sujtable treatnment, such as
| pr ognat | on, SRy HRRCRRT ST 28 COPDRRBR 1on eIt aeta and, | f

appropriate, tda QIOMY era et Nee K {4 £5n B¢ efh&lme e ahQaded carrier is
typically subjected to calcination. The 10 effect of the cal cination

treatnent is tappevietyysthe puenetrsr ton ddvonposel eol e téeiakoonpesi tion
products and L0 SLVELL, SO o aDd 1 a2, Sompounde, o LDl o
activaped by cotactidg the Ccatd ysti W thrdde iy 098N Ol rdove crystal
hydr ogen-contai ning gas, typically at tenperatures of about 200 to 350 'C
- her processesatfaor, thaelgreparst ionlafi R skhemiropsoln qatedysts @odpri se
to convert organic and inorganic compounds to their
respective oxides. After calcinaticn, the resulting
catalyst may be activated by contacting the catalyst with
15 hydrogen or a hydrogen-containing gas, typically at
temperatures of about 200 to 350 °C. Other processes for
the preparation of Fischer-Tropsch catalysts comprise
kneading/mulling, often followed by extrusioen,
drying/calcination and activation.
20 The catalytic conversicon process may be perfcormed
under conventicnal synthesis conditions known in the art.
Typically, the catalytic conversion may be effected at a
temperature in the range of from 150 to 300 °C,
preferably from 180 to 260 °C. Typical total pressures
25 for the catalytic conversion process are in the range of
from 1 to 200 bar absolute, more preferably from 10 to
70 bar absolute. In the catalytic conversion process

especially more than 75 wt% of Cg+, preferably more than
85 wt% Cg+ hydrocarbons are formed. Depending on the

30 catalyst and the conversion conditions, the amount of

heavy wax (Copt) may be up to 60 wt%, sometimes up to

70 wt%, and sometimes even up till 85 wt%. Preferably a




|

.nor e preferabh¥30 5

" kneadi ng/ mul ling, often followed by extrusion, drying/calcination and

activation. 20 The catal ytic conversion process may be performed under
conventional synthesis conditions known in the art. Typically, the

"catal ytic conversion may be effected at-alltenperature in the range of from

150 to 300 'C, preferably from180 to 260 'C. Typical total pressures 25

for the catal yldip IGONVAISI Wt PIHGESS AL 14k t}g%/d@rk@aecm id nemd to 200 bar
absol ute, nore preferably Trom10 to 70 bar solute. In the catalytic

conversi on progasfeciesiBgi vl Yy dorerdhanwdr WwPfa v fEmierahlye "Dg e than
85 wt % C5+ hydrocarbons are formed. Depending on the 30 catalyst and the

conver si on condied o200 arbluntorfionmhly Wrcqigt ity Wwithup thl @ wt %
sonmetimes up to 70 w %, and sonetinmes .even up till 85 w%_ Prefera Iy a -
T eobalt calisS REd VS G T st (RS TSP o
even | gwer) anga drpwdemperatil &f Sat Usek 1903 246 Qs @55&@1@113{ in

is

conbination with a hig pressure. To avoid any coke fornmation, i

preferred to prsareddCRAmtY wf e |RASthdk-rrdgsdls ©speci & | Ynder
preferred to carry out the Fischer-Tropsch reaction under such conditions

that the ASF- &YsHa GG (i dish-te A -y e g rsdnctor), for
th bt ai d { i i . t 10
0 525, pr ot er SRS T | Gk AR SRR AL | B BREES lon rore

preferably at dreatictdy Hbrindref ereddty Ihe-Hisahertdiopsiod dtydragst bons
stream conprises at |east 40 wt % C30+, preferably 50 wt% nore preferably
55 wt 3 and t Kk el gmrefRyablcscay A3ost L a1335 nesstexe B alphefat abl y 0. 45,

ast!%.945, even more preferably at least 0.955.
Preferably the Fischer-Tropsch hydrocarbons stream

comprises at least 40 wt% C3p+, preferably 50 wt%, more
preferably 55 wt%, and the weight ratio Cgp+/C3pt is at

15 least 0.35, preferably 0.45, more preferably 0.55.
Preferably, a Fischer-Tropsch catalyst is used, which
yields substantial quantities of paraffins, more
preferably substantially unbranched paraffins. A most
suitable catalyst for this purpese is a cobalt-containing

20 Fischer-Tropsch catalyst. Such catalysts are described in

the literature, see e.g. AU 698392 and WO-RA-9934917.
The Fischer-Tropsch process may be a slurry
FT process or a fixed bed FT process, especially a
multitubular fixed bed.

25 The paraffin product may be isolated from the product
as obtained in step (d) directly by means of
distillation. Preferably such a fraction is first
hydrogenated in order to remove any olefins and
oxygenated compcounds that could negatively influence the

30 properties of the resulting blend for use as steam

cracker feedstock. The paraffin product may alsc be



" Preferably, a Fischer-Tropsch catalyst is used, which vyields substanti al

quantities of paraffins, nore preferably substantially unbranched

~paraffins. A nost suitable catalyst for this purpose is a cobalt-containing
20 Fischer-Tropsch catal yst. Such catal ystt€ are described in the

literature, see e.g. AU 698392 and WO A-9934917. The Fi scher-Tropsch process

nmay be a slurrisdibi¥@cessm dha 4fxagkebed s mw%ra@]?ﬂﬂ?i&%ﬁ As
mul titubul ar fixed bed. 25 The paraffin product may be isolated fromthe

product as olnedfrxingd an dpng BNl recey yayt nebirishofpradect [ &ati on.
Preferably such a fraction is fjrst _hydrogenated in order to,renove any
ol of i g and SRR bA b ORI T HrIE R S et Ao | Ghbe t he 30
properties of ddigresald i ng-ddenchiointiser assStgarareipsckes-d eedst pgk. The
paraffin product nmay also be - 12 isolated fromthe effluent of a

hydr ocPacki ng Stepi 3 tpardgraked ol @ et eme reaorfHrs i the pavafifinas
obtained in step (d). Su a paraffin product wll . conprise ar ger
content of i sautdt i1 Tere Pl O B IRE FReAR Ly AT PRI A 6 31 Che
paraffins in the pafafdd bt Prrodddist | @sspot s berdrei By aldye | €ssnt han
0.3. The paraffin product conprises preferably nore than 90 % Of C5 to
conpounds boi [9hg ik S7EC G0 Merpowrds érabl ng het p3t&f ¢ n Meoveluct boils in

t he naphtha 10 range, preferably conprising for nore than 90 wt% conpounds
starting fromfEBiarRRiy ttthe dfpoiinds Fofodvet kelbosodhareapaiadfin

produch s comtled iy StenUR) WAL lg FoP HScd 1858 o Qe he 5 Plus

fraction obtaine
compounds starting from Cg and up to compounds beciling

at 204 °C.
The paraffin product is combined in step (e) with the

C3 plus fraction or the Cg plus fraction obtained in

15 step (b). The weight ratio of step (d} product to step
(b) product is preferably between 30:1 and 5:1. The
resulting blend preferably has the following properties:

Specific Gravity of between 0.65 to 0.74,
Colour Saybolt of more than +20,

20 Unsaturates < 1 vol%,

Paraffin content of between 65% and 100 vol.$%.

Iso-normal paraffin ratic of less than 0.5,

Sulphur content of between 50 and 650 ppm, preferably
between 100 and 650 ppm,

25 Final boiling point of between 150 and 204 °C, and a

Reid Vapour Pressure at 37.8 °C of not more
than 13 psi.

The invention is also directed to the use cf the
blend as obtained by the process according to the present

30 invention as a steam cracker feedstock to make lower

olefins, especially propylene and/or ethylene.



" 15 step (b). The weight ratio of step (d) product to step (b) product is
preferably between 30:1 and 5:1. The resulting blend preferably has the
following properties: Specific Gavity of between 0.65 to 0.74, Coiour
Saybolt of nore than +20, 20 Unsaturates <431-vol % Paraffin content of
bet ween 65% and 100 vol.% Iso-normal paraffin ratio of less than 0.5,

Sul phur content ofghaivmeen 501 @t 5605 PRHR PF &t LS A0k Yoo eI N eR, 100, and 650
ppm 25 Final boiling point of between 150 ‘and 204 'C, and a Reid Vapour

Pressure at 37h@sahbfimotnber. t hoem 18 psur mheuralepps$ ohliz fisbdddirect ed
to the use of the, blend obt ai ned the progcess according to the_ present
30 1 nvent on SOHISTEAHE of Ackir S TRRTRTSRKLE of NS | SREriot of f nbie oL bhBRal |y
propyl ene and/Qin@dhyaener2-id3seFhta&dlih!ld usipatesot he pregegsiggeording
to the present invention. Froma sour natural gas 11 a field condensate 12

is separated irchlshagfracther 13 ame 4ihigh condbhsat ragtignskparated in a
separator 2 into | ow poiling, fraction 13 and hi gh boiljng fraction
Lo Fract i on RSOGO b0 TOPER S0 TorEl GRieReht 6THERTRbFy.  Sul phur i s
renoved from ther nad oy al S@BSHUS. i s Wbikbvi e PROR {1e CONEENSAt§asi N5a Sul finol
Unit 4. C3+ hydrocarbons 17 are separated fromthe gas 16 poor in 10

sul phur in sepdariathrisirgeos. imheohyinothe boirs d 75wl eifal theit spl i €3by
distillation unit 6 in a C3 and C4 stream 19 and a stream 18 contai ni ng

mai nly C5+ hytideeeddrans 17 are separated from the gas 16 poor in

10 sulphur in separator unit 5. The hydrocarbons 17 are

further split by distillation unit 6 in a C3 and Cy4
stream 19 and a stream 18 containing mainly Cg+

hydrocarbons.
The cleaned gas 20 is used in synthesis gas

15 manufacturing unit 7 to obtain synthesis gas 21. This
synthesis gas 21 is used as feedstock in the Fischer-
Tropsch reaction step 8 in which a paraffinic product 22
is obtained. This product is separated into various
fractions beoiling below {(fraction 23) and above

20 (fractions 25 and 26) of the naphtha fraction 24. This
naphtha fraction 24 is mixed with fractions 13 and 18 in
mixing unit 10 to obtained a steam cracker feedstock 27

according the present invention.




" The cl eaned gas 20 is used in synthesis gas 15 manufacturing unit 7 to

obtain synthesis gas 21. This synthesis gas 21 is used as feedstock in the
Fi scher- Tropsch reaction step 8 in which a paraffinic product 22 is

"' obtained. This product is separated into %4rirous fractions boiling bel ow

(fraction 23) and above 20 (fractions 25 and 26) of the naphtha fraction 24.
This naphtha fraction 24 is mxed with fractions 13 and 18 in Tgxifgqunit
10 to obtained a steam cracker feedstock 27 according the present
invention. - 14 TS 1574 CLAIMS 1. Process to make a sul phur cont ai ni ng

steam cracker feedstock from crude natural by performing the follow ng
steps: (a) separating a sul phur contgiﬁiﬁgéiﬁgﬁﬁd field 5 condensate

fraction fromthe natural gas, (b) further separating a sul phur containing
fraction conprising hydrocarbon conpounds having 3 or nore carbon atons
from the nat urlal g’a@qaﬁsOmOaimﬁ@ B @l o errdiad ning)s raspart agker m xt ure

of carbon non drogen , 10 from.the g3 obt ned. in ep (b), (d)
b eparing A pEERTIRE: GAI SRt Hy B et HORE R Sact i on us ng
t he carbon nonrexids: gy $gen fromstep (c), and (e) conbining the

paraffin product or part said 15 product with the sul phur containing
fracti on conpriadi Wpdmld@rabcﬂvmmmm 13 wrichdrielshr bon at ons

ODLAINEO, 10 SERl e AN LN S WY SLALTIg, ot eam or ok
{b) further separating a sulphur containing fraction
comprising hydrocarbon compounds having 3 or more carbon
atoms from the natural gas to obtain a plant condensate,
(c) preparing a mixture of carbon monoxide and hydrogen

10 from the gas obtained in step (b),

(d) preparing a paraffin product by performing a Fischer-
Tropsch reaction using the carbon monoxide and hydrogen
from step (¢}, and

(e) combining the paraffin product or part of said

i5 product with the sulphur containing fraction comprising
hydrocarbon compounds having 3 or mere carbon atoms
obtained in step (b) to obtain the sulphur containing
steam cracker feedstock having a sulphur content of
between 50 and 1000 ppm.

20 2. Process according to claim 1, wherein step (b) is
performed by cooling the gas to a temperature and
pressure conditions at which the C3 and higher
hydrocarbons liquefy.

3. Process according to claim 2, wherein cooling is

25 performed by indirect heat exchange against liguid
nitrogen.

4. Process according to claim 3, wherein the liquid

nitrogen is obtained when separating air to obtain




" between 50 and 1000 ppm 20 2. Process according to claim1, wherein step
(b) is perfornmed by cooling the gas to a tenperature and pressure
, conditions at which the C3 and higher hydrocarbons |iquefy. 3. Process
~according to claim2, wherein cooling is 125-perforned by indirect heat
exchange against liquid nitrogen. 4. Process according to claim 3, wherein

the liquid nigiyogened ooRiat nesk Wieh sepaddl i ng) ald $ e obtdithe 15
purified oxygen for use i'n step (c) to prepare the nixture of carbon
nmonoxi de and Widitogen.ob . cahrlpwe gsorapeioteli and tlyydtegen 2, wherein step (b) is
performed by lowerjng the pressure, separati the 5 condensed C3+

hydr ocar bons, 5éci)‘nd ﬁ&ﬁ%%l?ﬁf?%sﬁ%g‘: HE" pr < e“f}teﬁfp bE? or kS maki ng
use of the gasd:r HRRANSy BWKEIES StiaSHidsStEP, (Sdpafat A Pcess according
to claim5, wherein in step (b) the gas is lowered froma pressure
exceedPng 50 barsiansed 103 privsdire Hedroww 4ndaoptidna Processrexsingi biyet o

claim6, wherein the pressure is |owered to below 30 bars. 8. Process
according to &FeTHESfleTel e NHekg msafekrthepm@atiorrgrane |iquid

hydr ocar bons, e‘}H; S, . he..gas is increased to a |l evel of between
50 and 80 barstsq}‘ i %Lr%c agss lg{gcéggreoé ngc)t'o any one of clainms 1-8, wherein

fromthe fractd.on rearaydsiagdpadims ard il CoNEouUndse hat Nich sk & (WY ecgar bon
atons a fraction of C3 and C4 20 hydrocarbons are isolated and bl ended with
t he LPG gas is lowered from a pressure exceeding 50 bars to a
10 pressure below 40 bars.
7. Process according to claim 6, wherein the pressure is
lowered to below 30 bars.
8. Procéss according to any one of claims 5-7, wherein
after separation of the liguid hydrcocarbons, the pressure
15 of the gas is increased to a level of between S0 and 80
bars.
9. Process according to any one of claims 1-8, wherein

from the fraction comprising hydrocarbon compounds having

3 or more carbon atoms a fraction of C3 and Cy

20 hydrocarbons are isolated and blended with the LPG
product as isolated from the product prepared in step (d)

and wherein the remaining Cg+ hydrocarbons are used in

step (e).
10. Process according to any cone of claims 1-9, wherein
25 the gas field condensate or part of -said gas field
condensate as isolated in step (a}) is combined with the
product as obtained in step (e}.
i1, Process according to any one of claims 1-10, wherein
the paraffin product obtained in step (d) and used in
30 step (e) comprises for more than 90 wt% compounds

starting from Cg and up to compounds boiling at 204 °C.



.- product as isolated fromthe product prepared in step (d) and wherein the

remai ni ng C5+ hydrocarbons are used in step (e). 10. Process according to
_any one of clainms 1-9, wherein 25 the gas field condensate or part of said
gas field condensate as isolated in steplga) is conbined with the product
as obtained in step (e). 11. Process according to any one of clains 1-10,

wherein the paj afgld Aoducloabi ned dy shep de)cpithaisead b Jeslep ()
conprises for nore than 90 wt % conpounds ~ starting from and up to
conpounds boi |ty aul@0dr Contdit: dR2. tH¥ octessm accae ke ngf ¢ @d stryclongs of ¢l ai ns

1-11, wherein the sul phur content of the steam cracker feedstock as

obtai ned in st¥PFFEIET Ly rERr (§hahs IR er it o WRHPRRPEY 13. Process
according to any;gn _clainms 1-12, wherein the steam cracker feedstock as
obtained in step (e) has the follow ng properties: Specific Gavity of

bet weef? 0. 65 tlo3 0.FPrhceolanroSiyimltto cfinyrosres tdian-k2iys 10-1hsathest s < 1

vol % Paraffin content of etvve;n%q?g% aﬁgd 100 vo|.% ,Iso-normal paraffin
ratio of |ess tHardFaD C@ﬁ'}fﬁﬁjr YN MK S R %Ol%rﬁlt%?ao(%)pn]i‘a?i nal
boi I i ng point fg %mﬁ%%%sii and 15 Reid Vapour Pressure at
37.8 'C of not nore than psi. 14. Use of a blend as obtained by the

process accor di ng Sgeaxrianyc dhweawaft lal e thvedeh d5. @ stedintf,acker feedstock to
make propyl ene am%é¥06¥f§g;ggit of more than +20,
10 Unsaturates < 1 vol %,
Paraffin content of between 65% and 100 vol.$%,
Iso-normal paraffin ratio of less than 0.5,
Sulphur content cof between 50 and 650 ppm,
Final boiling point of between 150 and 204 °C, and
15 Reid Vapour Pressure at 37.8 °C of not more than
13 psi.
14. Use of a blend as obtained by the process according

to any one of claims 1-13 as a steam cracker feedstock to

make propylene and/or ethylene.



